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ABSTRACT 

The invention utilizes loW complexity estimates of complex 

Encoder 

AssigneeZ MOTOROLA, INC Schaumburg functions to perform combinatorial coding of signal vectors. 
IL (Us) 3 s The invention disregards the accuracy of such functions as 

long as certain suf?cient properties are maintained. The 
App1_ NO; 12/196,414 invention in turn may reduce computational complexity of 

certain coding and decoding operations by tWo orders of 
Filed; Aug, 22, 2008 magnitude or more for a given signal vector input. 
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APPARATUS AND METHOD FOR LOW 
COMPLEXITY COMBINATORIAL CODING 

OF SIGNALS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to coding 
vectors and in particular, to loW-complexity combinational 
Factorial Pulse Coding of vectors. 

BACKGROUND OF THE INVENTION 

[0002] Methods for coding vector or matrix quantities for 
speech, audio, image, video, and other signals are Well 
knoWn. One such method described in US. Pat. No. 6,236, 
960 by Peng, et. al, (Which is incorporated by reference 
herein) is knoWn as Factorial Pulse Coding (or FPC). FPC can 
code a vector xi using a total of M bits, given that: 

(1) 

and all values of vector xi are integral valued such that 
—m§xi§m, Where m is the total number of unit amplitude 
pulses, and n is the vector length. The total M bits are used to 
code N combinations in a maximally e?icient manner, such 
that the folloWing expression, Which describes the theoretical 
minimum number of combinations, holds true: 

min(m,n) (2) 
N = Z F(n, d)D(m, and 5 2M. 

d:l 

For this equation, F(n,d) are the number of combinations of d 
non-Zero vector elements over n positions given by: 

n’ (3) 

D(m,d) are the number of combinations of d non-Zero vector 
elements given In total unit pulses given by: 

and 2d represents the combinations required to describe the 
polarity (sign) of the d non-Zero vector elements. The term 
min(m, n) alloWs for the case Where the number of unit 
magnitude pulses m exceeds the vector length n. A method 
and apparatus for coding and decoding vectors of this form 
have been fully described in the prior art. Furthermore, a 
practical implementation of this coding method has been 
described in 3GPP2 standard C.S00l4-B, Where the vector 
length n:54 and the number of unit magnitude pulses m:7 
produce an M:35 bit codeWord. 
[0003] While these values of n and m do not cause any 
unreasonable complexity burden, larger values can quickly 
cause problems, especially in mobile handheld devices Which 
need to keep memory and computational complexity as loW 
as possible. For example, use of this coding method for some 
applications (such as audio coding) may require n:l44 and 
m:28, or higher. Under these circumstances, the cost associ 
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ated With producing the combinatorial expression F(n,d) 
using prior art methods may be too high for practical imple 
mentation. 

[0004] In looking at this cost in greater detail, We can 
reWrite Eq. 3 as: 

” (5) 

H (i) 
d 

U (j) 

Direct implementation is problematic because F(l44, 28) 
Would require 197 bits of precision in the numerator and 98 
bits of precision in the nominator to produce a 99 bit quotient. 
Since most digital signal processors (DSPs) used in today’s 
handheld devices typically support only 16 bit><l 6 bit multi 
ply operations, special multi-precision multiply/divide rou 
tines Would need to be employed. Such routines require a 
series of nested multiply/ accumulate operations that typically 
require on the order of k multiple/accumulate (MAC) opera 
tions, Where k is the number of l 6 bit segments in the operand. 
For a 197 bit operand, k:[l97/l6]:l3. So, execution of a 
single l97><l6 bit multiply Would require a minimum of 13 
MAC operations plus shifting and store operations. The 
denominator term is calculated in a similar manner to produce 
a 98 bit result. In addition, a 197/98 bit division is required, 
Which is an extremely complex operation, thus computation 
of the entire factorial relation in Eq. 5 Would require consid 
erable resources. 

[0005] In an effort to reduce complexity, Eq. 5 can be 
reWritten in to distribute the divide operations to produce the 
folloWing: 

In this expression, the dynamic range of the divide operations 
is reduced, but unfortunately, increased resolution of the quo 
tient is needed to accurately represent division by 3, 7, 9, etc. 
In order to accommodate this structure, a rounding operation 
is also needed to guarantee an integer result. Given the large 
number of high precision divide operations, this implemen 
tation does not adequately address the complexity problem 
for large m and n, and further has the potential to produce an 
incorrect result due to accumulated errors in precision. 

[0006] In yet another implementation, Eq. 5 can be rear 
ranged in the folloWing manner: 

If this expression is evaluated from left to right, the result Will 
alWays produce an integer value. While this method controls 
the precision and dynamic range issue to some degree, large 
values of m and n still require extensive use of multi -precision 
multiply and divide operations. 
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[0007] Finally, in order to minimize computational com 
plexity, it may be possible to pre-compute and store all fac 
torial combinations in a lookup table. Thus, all values of 
F(n,m) may be simply stored in an n><m matrix and appropri 
ately retrieved from memory using very feW processor cycles. 
The problem With this approach, hoWever, is that as n and m 
become large, so does the associated memory requirement. 
Citing the previous example, F(l44, 28) Would require l44>< 
28><[99 bits/8 bits/byte]:52,4l6 bytes of storage, Which is 
unreasonable for mo st mobile handheld devices. Therefore, a 
need exists for a method and apparatus for loW-complexity 
combinational Factorial Pulse Coding of vectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram ofan encoder. 
[0009] FIG. 2 is a block diagram ofa decoder. 
[0010] FIG. 3 is a How chart shoWing operation of a Com 
binatorial Function Generator of FIG. 1 and FIG. 2. 
[0011] FIG. 4 is a How chart shoWing operation of the 
encoder of FIG. 1. 
[0012] FIG. 5 is a How chart shoWing operation of the 
decoder of FIG. 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0013] In order to address the above-mentioned need, a 
method and apparatus for loW-complexity combinatorial cod 
ing of vectors is provided herein. During operation an 
encoder and decoder Will use relatively loW resolution 
approximations of factorial combinations F'(n, d), Which pro 
vide only enough precision to alloW a valid codeWord to be 
generated. Particularly, both an encoder and a decoder Will 
utiliZe a combinatorial function generator to derive F'(n, d) 
such that F'(n,d)§F(n,d), and F'(n,d)§F'(n-l,d)+F'(n-l,d— 
l). F'(n, d) Will be provided to either coding or decoding 
circuitry to produce a combinatorial codeWord or vector xi, 
respectively. 
[0014] Because F'(n, d) Will have a loWer precision than 
F(n, d), it is generally much easier to compute on a ?xed point 
digital signal processor (DSP), general purpose microproces 
sor, or implement in hardware, such as on a programmable 
logic device or application speci?c integrated circuit (ASIC). 
In essence, complicated multi-precision multiplications and 
divisions are replaced With relatively loW precision additions 
and subtractions, coupled With a small amount of table 
memory. Generally, the loWer complexity operations do not 
affect the overall coding rate of the input vectors, but it may be 
possible to loWer the complexity even further than is 
described herein at the expense of a slightly higher bit-rate. 
[0015] The present invention encompasses a method for 
combinatorial coding and decoding. The method comprising 
the steps of receiving a value n based on the number of 
positions in a vector receiving a value d based on the number 
of occupied positions Within the vector creating F'(n, d) based 
on n and d, Wherein F'(n, d) is an estimate of F(n, d) such that 
F'(n, d)>F(n, d) and F'(n, d)>F'(n-l, d)+F'(n-l, d-l), and 
Wherein 

and using F'(n, d) to code or decode the vector. 
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[0016] The present invention additionally encompasses an 
apparatus comprising a combinatorial function generator out 
putting F'(n, r) having the properties F'(n,r)§F(n,r) and F'(n, 
r)§F'(n-l ,r)+F'(n-l ,r-l), Which are su?icient to uniquely 
encode/decode vector X66. The function F'(n,r) is given as: 

Where P'(i) and Q'(r) are 32 bit lookup tables given as: 

P'(i) = 2*21L2211Og2(i)+ 11, ie [1, 2, , 144] 

and 

O, r=l 

1:2 

and Where R'(k) is an approximation of the function R'(k)z2k, 
given as: 

Where k:k,-+kf is broken doWn into integer and fractional 
components of k, and K521“f is a loW resolution Taylor series 
expansion of the fractional component of k. The apparatus 
additionally comprises a coder or decoder receiving F'(n, r) 
and a vector and outputting a codeWord or a vector based on 

F'(n, r). 
[0017] The present invention additionally encompasses an 
apparatus comprising a combinatorial function generator 
receiving a value n based on the number of positions in a 
vector, receiving a value d based on the number of occupied 
positions Within the vector and creating F'(n, d) based on n 
and d, Wherein F'(n, d) is an estimate of F(n, d) such that F'(n, 
d)>F(n, d) and F'(n, d)>F'(n-l, d)+F'(n-l, d-l), and Where 

The apparatus additionally comprises an encoder using F'(n, 
d) to code the vector, and outputting a codeWord. 
[0018] The present invention additionally encompasses an 
apparatus comprising a combinatorial function generator 
receiving a value n based on the number of positions in a 
vector, receiving a value d based on the number of occupied 
positions Within the vector and creating F'(n, d) based on n 
and d, Wherein F'(n, d) is an estimate of F(n, d) such that F'(n, 
d)>F(n, d) and F'(n, d)>F'(n-l, d)+F'(n-l, d-l), and Where 

The apparatus additionally comprises a decoder using F'(n, d) 
to decode a codeWord, and outputting the vector. 
[0019] Turning noW to the draWings, Wherein like numerals 
designate like components, FIG. 1 is a block diagram of 
encoder 100. Encoder 100 comprises vector generator 102, 
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combinational coding circuitry (coder) 106, combination 
function generator 108, and other coding circuitry 104. Dur 
ing operation, an input signal to be coded is received by vector 
generator 102. As is knoWn in the art, the input signal may 
comprise such signals as speech, audio, image, video, and 
other signals. 
[0020] Vector generator 102 receives the input signal and 
creates vector xi. Vector generator 102 may comprise any 
number of encoding paradigms including, but not limited to, 
Code-Excited Linear Prediction (CELP) speech coding as 
described by Peng, et. al, transform domain coding for audio, 
images and video including Discrete Fourier Transform 
(DFT), Discrete Cosine Transform (DCT), and Modi?ed Dis 
crete Cosine Transform (MDCT) based methods, Wavelet 
based transform coding, direct time domain pulse code modu 
lation (PCM), differential PCM, adaptive differential PCM 
(ADPCM), or any one of a family of sub-band coding tech 
niques that are Well knoWn in the art. Virtually any signal 
vector of the form given above may be advantageously pro 
cessed in accordance With the present invention. 

[0021] Combinatorial coding circuitry 106 receives vector 
xi and uses Factorial Pulse Coding to produce a codeWord C. 
As discussed above Factorial Pulse Coding can code a vector 

xi using a total of M bits, given that 

and all values of vector xi are integral valued such that 
—m§xi§m, Where m is the total number of unit amplitude 
pulses, and n is the vector length. As discussed above, larger 
values of m and n can quickly cause problems, especially in 
mobile handheld devices Which need to keep memory and 
computational complexity as loW as possible. 

[0022] In order to address this issue, combinatorial func 
tion generator 108 utiliZes a loW complexity technique for 
producing F'(n,d). Combinatorial coding circuitry 106 then 
utiliZes F'(n,d) to produce codeWord C. Circuitry 108 utiliZes 
relatively loW resolution approximations (bits of precision) of 
factorial combinations F'(n,d), Which provide only enough 
precision to alloW a valid codeWord to be generated. That is, 
as long as certain properties are maintained, a suitable 
approximation of the function F(n, d) is suf?cient to guaran 
tee that the resulting codeWord is uniquely decodable. 

[0023] In order to describe the generation of F'(n,d), let us 
proceed by ?rst deriving a function F'(n,d) that is a suitable 
approximation of F(n, d). The ?rst step is to take the logarithm 
of an arbitrary base a of Eq. 5, and taking the inverse log base 
a of the rearranged terms: 

n 

Jan. 22, 2009 

Where the function expa(k):ak. Next, de?ne functions P(i), 
Q(d), and R(k), and substitute into Eq. 8 such that: 

n (9) 

Where 

F1 

[0024] HoWever, in accordance With the preferred embodi 
ment of the present invention, it is not necessary for F(n, d) 
and F'(n, d) to be equivalent in order for the resulting code 
Word to be uniquely decodable. There are only tWo conditions 
that are su?icient for this to hold true: 

and 

F'(n,d)ZF'M-1,d)+F(n-1,d—1). (11) 

[0025] For the ?rst condition, the restriction simply says 
that if F'(n,d)<F(n,d), then there Will be overlapping code 
spaces, and subsequently, there Will be more than one input 
capable of generating a particular codeWord; thus, the code 
Word is not uniquely decodable. The second condition states 
that the “error” for a given n, d shall be greater than or equal 
to the sum of the error terms associated With the previous 
element of the recursive relationship described by Peng, et. al 
in Us. Pat. No. 6,236,960. It can be shoWn that F(n,d):F(n— 
l,d)+F(n-l ,d-l), Which is only true if the combinatorial 
expression is exactly equal to F(n,d):Cd”:n!/d! (n—d)!. HoW 
ever, While the inequality in Eq. 11 is suf?cient, it may not 
necessarily be true for all values of n and d. For such values, 
F(n,d) may satisfy another inequality derived from Eq. 31 of 
Peng, et al. and is given by: 

d (12) 

F(n, d) >ZFm- (d—i+ 1), i). 
III 

In this case, Eq. 1 1 has to be satis?ed With strict inequality for 
certain (m,k), (mén), (kéd), that is: 

[0026] Referring back to Eq. 9, We noW Wish to generate 
F'(n, d) by creating the functions P'(i), Q'(d), and R'(k), With 
loW complexity approximations of the original functions such 
that: 

and Where the conditions given in Eqs. 10 and l l are satis?ed. 
Considering P(i), We may Wish to approximate the function 
such that P'(i)§loga(i), ie[l, 2, . . . , n]. IfWe choose a:2 and 
then restrict P'(i) to 32 bits of precision, the resulting opera 
tions are easy to implement on a handheld mobile device 
since most DSPs support single cycle 32 bit additions. There 
fore, We de?ne: 
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Where l(i) is a shift factor that may vary as a function of i. In 
the preferred embodiment, l(i):l:2l, but many other sets of 
values are possible. For this example, the 2Z factor is equiva 
lent to a shift of 1 bits to the left, Whereby the ?oor function 
[x+l] removes the fractional bits While rounding up to the 
next highest integer, and ?nally the 2'1 factor shifts the results 
back to the right by 1 bits. Using this methodology, the func 
tion P'(i)§log2(i) for all i; l, and also provides suf?cient 
dynamic range and precision using only 32 bits because 9 bits 
of positive integer resolution in the log2 domain can represent 
a 512 bit number. To avoid the complexity of computing these 
values in real-time, they can be pre-computed and stored in a 
table using only l44><4 bytes of memory for the F(l44, 28) 
example. Using a similar methodology for approximating 
Q(d), We get: 

0, d=1 (16) 
d 

Where the ?oor function [x-l] is used because of the subtrac 
tion of the quantity from the total. This guarantees that 

log2(j) so that the contribution of Q'(d) Will guarantee F'(n,d) 
§F(n,d). While 16) can assume many values depending on the 
con?guration of m and n, the preferred embodiment uses a 
value of l(j):l:l 4 for the variable shift factor. Like P'(i), Q'(d) 
can be pre-computed and stored in a table using only 28><4 
bytes of memory for the F(l44, 28) example. For de?ning 
R'(k), We need to ?rst de?ne k as: 

n (17) 
k: 2 P'(i)-Q(d). 

With P'(i) and Q'(d) de?ned above, k is preferably a 32 bit 
number With an 8 bit unsigned integer component kl- and a 24 
bit fractional component kf Using this, We may derive R'(k) 
§exp2(k):2k by letting k:ki+kf and then taking the inverse 
logarithm base 2 to yield 21221821“f . We may then use a Taylor 
series expansion to estimate the fractional component to the 
desired precision, represented by Kf:2kf, rounding up the 
result using the ceiling function, and then appropriately shift 
ing the result to form a multi-precision result (With only 1 
signi?cant bits), such that: 

Where 2k1' is the integer shift factor applied to the Taylor series 
expansion result. Here, 1 is a shift factor used in a similar 
manner to Eqs. 15 and 16 to guarantee R'(k)§2k. HoWever, 
since R'(k) cannot be practically pre-computed for ef?cient 
real-time operation, great care must be taken in specifying the 
exact operations necessary in both the encoder and decoder to 
ensure that the reconstructed signal vector matches the input 
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signal vector exactly. Note that R'(k) may be obtained from 
left shifting [2ZKf], Which can be accurately represented by 1 
bits. 

[0027] In the above discussion, functions P'(i), Q'(d), and 
R'(k) have been chosen such that each individual function 
estimate guarantees that the resulting F'(n,d)§F(n,d). HoW 
ever, it is only necessary for the aggregate effect to satisfy this 
condition. For example, P'(i) and Q'(d) may be as described 
above, but R'(k) may be a more conventional R'(k)z2k func 
tion Which may truncate or round the least signi?cant bits 
such that R'(k) may be less than 2k for some values of k. This 
is acceptable as long as this effect is small relative to the 
effects of P'(i) and Q'(d), so the properties in Eqs. 10 and 11 
still hold true. 

[0028] Also, any functions P'(i), Q'(d), and R'(k) may be 
used Without loss of generality as long as the properties on 
Eqs. 10 and l l are satis?ed. Care must be taken hoWever, that 
an increase in bit rate may occur if too little precision is used. 
It should also be noted that there is an inherent tradeoff in bit 
rate and complexity, and for large values of m, n, an increase 
of l or 2 bits may be a reasonable tradeoff for a signi?cant 
reduction in complexity. 
[0029] FIG. 2 is a block diagram of decoder 200. As shoWn, 
decoder 200 comprises combinatorial decoding circuitry (de 
coder) 206, signal reconstruction circuitry 210, other decod 
ing circuitry 204, and combinatorial function generator 108. 
During operation a combinatorial codeWord is received by 
combinatorial decoding circuitry 206. Combinatorial decod 
ing circuitry 206 provides 11 and d to combinatorial function 
generator, and receives F'(n,d) in response. Decoding cir 
cuitry 206 then creates vector xi based on F'(n,d). Vector xi is 
passed to signal reconstruction circuitry 210 Where the output 
signal (e.g., speech, audio, image, video, or other signals) is 
created based on xi and other parameters from other decoding 
circuitry 204. More speci?cally, the other parameters may 
include any number of signal reconstruction parameters asso 
ciated With the signal coding paradigm being used in a par 
ticular embodiment. These may include, but are not limited 
to, signal scaling and energy parameters, and spectral shaping 
and/ or synthesis ?lter parameters. Normally these parameters 
are used to scale the energy of and/or spectrally shape the 
reconstructed signal vector xi in such a manner as to repro 
duce the ?nal output signal. 
[0030] FIG. 3 is a How chart shoWing operation of a com 
binatorial function generator of FIG. 1 and FIG. 2. More 
particularly, the logic How of FIG. 4 shoWs those steps nec 
essary for combinatorial function generator 108 to produce 
F'(n,d). The logic ?oW begins at step 302 Where the inputs n 
and d are received. At step 303 accumulatorA is set to 0. At 
step 304 the counter i is set equal to n—d+l. At step 306 
logarithm approximation P'(i) is added to the accumulatorA. 
At step 310 counteri is incremented by 1. Steps 306 and 310 
are repeated in a loop until the counter i is greater than n. Step 
312 tests i>n and terminates the loop Wheni becomes greater 
than n. At this stage the accumulator contains the logarithm 
approximate of the numerator of the combinatorial function 
F(n, d). A logarithm approximation of the denominator of the 
combinatorial function Q'(d) is subtracted from the accumu 
lator at step 316 to obtain a logarithm approximation of the 
combinatorial function. At step 318 an exponential approxi 
mation R'(A) of the accumulator is taken to generate the 
approximation B of the combinatorial function. At step 314, 
B is outputted as P'(n, d). FIG. 4 is a How chart shoWing 
operation of the encoder of FIG. 1. The logic ?oW begins at 
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step 401 Where an input signal is received by vector generator 
102. As discussed above, the input signal may comprise 
speech, audio, image, video, or other signals. At step 403 
vector xi is produced and input into combinatorial coding 
circuitry 106 Where m and d are determined and passed to 
combinatorial function generator 108. As discussed above, In 
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torial pulse coding as a method for coding vectors having the 
potential for large m and n. The invention solves these prob 
lems by requiring only single cycle loW precision operations 
coupled With a small amount of memory storage to produce 
estimates of the complex combinatorial expressions required 
for this type of coding. 

TABLE 1 

Complexity Comparison ofF(n In) vs. F'(n In) 

PriorArt P(n In) Invention F'(n In) 

Avg Calls per Peak Avg Peak Avg 
n m Bits frame P(n, m) WMOPS WMOPS WMOPS WMOPS 

54 7 35 44 0.44 0.32 0.09 0.07 
144 28 131 191 24.50 16.45 0.51 0.37 
144 44 180 279 76.45 46.65 0.96 0.64 
144 60 220 347 150.00 83.25 1.50 0.90 

is the total number of unit amplitude pulses (or sum of the [0033] The folloWing text and equations implement the 
absolute values of the integral valued components of xi) and 
d is the number non-Zero vector elements of xi. At step 405 
F'(n, d) is created by combinatorial function generator 108 
and passed to combinatorial coding circuitry 106, Where vec 
tor xi is coded to create combinatorial codeWord C (step 407). 
As discussed above, F'(n, d) is created by replacing the func 
tions P(i), Q(d), and R(k) in P(n, d), With loW complexity 
approximations of the original functions such that the condi 
tions given in Equations 10 and 11 are satis?ed. 
[0031] FIG. 5 is a How chart shoWing operation of the 
decoder of FIG. 2. The logic ?oW begins at step 501 Where a 
combinatorial codeWord is received by combinatorial 
decoder 206. At step 503 n and d are passed from combina 
torial decoder 206 to combinatorial function generator 108 
and F'(n, d) is returned to decoder 206 (step 505). The code 
Word is decoded by decoder 206 based on F'(n, d) (step 507) 
to produce vector xi and xi is passed to signal reconstruction 
circuitry 210 Where an output signal is created (step 509). 
[0032] Table 1 shoWs the complexity reduction associated 
With the present invention as compared to the prior art. For 
different values of m and n, the associated number of bits M 
and average number of function calls per frame to P(n, m) are 
given. For these examples, the frame length interval is 20 ms, 
Which corresponds to a rate of 50 frames per second. The unit 
of measure for the complexity comparison is Weighted mil 
lions of operations per second, or WMOPS. A computer 
simulation Was used to produce an estimate of the complexity 
as it Would be executed on a limited precision ?xed point DSP. 
For these examples, multi-precision libraries Were used When 
appropriate, and each primitive instruction Was assigned an 
appropriate Weighting. For example, multiplies and addi 
tions, Were given a Weight of one operation, While primitive 
divide and transcendental (e.g., 2") operations Were given a 
Weight of 25 operations. From the table, it is easy to see that 
using F'(n, d) provides signi?cant complexity reduction over 
the prior art, and that the proportional reduction in complexity 
increases and n and m increase. This complexity reduction is 
shoWn to be as high as tWo orders of magnitude for the F(144, 
60) case, but Would continue to groW as n and m increase 
further. This is primarily due to the groWth in precision of the 
operands that is required to carry out exact combinatorial 
expressions in the prior art. These operations prove to result in 
an excessive complexity burden and virtually eliminate fac 

above technique for coding and decoding into the Third Gen 
eration Partnership Project 2 (3GPP2) C.P0014-C speci?ca 
tion for Enhanced Variable Rate Codec, Speech Service 
Options 3, 68, and 70 for Wideband Spread Spectrum Digital 
Systems. 

4.13.5 MDCT Residual Line Spectrum Quantization 

[0034] The MDCT coe?icients, referred to as the residual 
line spectrum, are quantiZed in a similar manner to the FCB 
factorial codebook of 4.1 1.8.3. Basically, factorial coding of 
NJFPCM possible combinations can be achieved given that 
the length n vector v has the properties 

and all elements vi are integral valued. That is, the sum of the 
absolute value of the integer elements of v is equal to m. For 
this case, We Wish to code an energy scaled version of Xk such 
that: 

143 (4.13.5-1) 

Where ym is a global scale factor, and the range 0 to 143 
corresponds to the frequency range 0 to 3600 HZ. For this 
case, m can be either 28 for NB or 23 for WB inputs. The value 
of ym used to achieve the above objective is determined itera 
tively (for non-Zero ||Xk||2) according to the folloWing pseudo 
code: 
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-continued 

do { 

,ym : loe/ZO 

143 

m’ = Z |roundwmxku 
k:0 

if (m' == rn) then break 
else if(m' >m ands == +1) 
else if(m' <m ands == —1) 
end 
e = e + s - Ae 

} While e ; em,X and A6 2 Amin 

The quantized residual line spectrum Xcc is then calculated 
as: 

If, on the rare occasion, the values of m and m' are different, 
the line spectrum shall be modi?ed by adding or subtracting 
unit values to the quantized line spectrum X66. This guaran 
tees that the resulting line spectrum can be reliably coded 
using the factorial coding method. The output index repre 
senting the line spectrum Xcc is designated RLSIDX. This 
index comprises 131 bits for the 144FPC28 case and 114 bits 
for the 144FPC23 case. 
[0035] In order to address complexity issues associated 
With encoding and decoding vector X66, a loW resolution 
combinatorial approximation function F'(n, r) shall be used in 
place of the standard combinatorial relation F(n,r)gqC,:n!/r! 
(n—r)!. In particular, both the encoder and decoder utilize a 
combinatorial function generator F'(n, r) having the proper 
ties F'(n, r)§F(n, r) and F'(n, r)§F'(n-1,r)+F'(n—1,r-1), 
Which are su?icient to uniquely encode/decode vector X66. 
The function F'(n, r) is given as: 

Where P'(i) and Q'(r) are 32 bit lookup tables given as: 

P’(i) = 2*21L2211Og2u) + 11, ie [1, 2, , 144], (4.13.5-4) 

and 

0, r =1 (4.13.5-5) 

Q’(r) = 

and Where R'(k) is a multi-precision integer approximation of 
the function R'(k)z2k, given as: 

Where k:k,-+kf is broken doWn into integer and fractional 
components of k, and Kf:2kf is a Taylor series expansion of the 
fractional component of k. These operations signi?cantly 
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reduce the complexity necessary in calculating the combina 
torial expressions by replacing multi-precision multiply and 
divide operations With 32 bit additions and a loW complexity 
Taylor series approximation of 2k folloWed by a multi-preci 
sion shift operation. All other components of the encoding/ 
decoding operations are similar to that in 4.11.8.3. 
[0036] While the invention has beenparticularly shoWn and 
described With reference to a particular embodiment, it Will 
be understood by those skilled in the art that various changes 
in form and details may be made therein Without departing 
from the spirit and scope of the invention. It is intended that 
such changes come Within the scope of the folloWing claims. 

. (canceled) 

. (canceled) 
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. (canceled) 

. (canceled) 
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. (canceled) 

8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. A method for combinatorial coding and decoding, the 

method comprising the steps of: 
receiving a vector comprising speech, audio, image, or 

video; 
receiving a value 11 based on a number of positions in the 

vector; 
receiving a value d based on a number of occupied posi 

tions Within the vector; 
generating a value based on a logarithmic approximation of 

a combinatorial function of n and d; 

generating a value F'(n, d) based on the logarithmic 
approximation of the combinatorial function of n and d, 
such that 

and F'(n,d)>F'(n-1,d)+F'(n-1,d—1); and 
using the value F'(n, d) to code or decode the vector to 

produce coded or decoded speech, audio, image, or 
video. 

13. The method of claim 12 Wherein the step of generating 
the value based on the logarithmic approximation of the com 
binatorial function of n and d further comprises the step of 
generating a value Q'(d), Wherein Q'(d) is an approximation 
of the function 

d 

1:1 

loga(j), Where a is a logarithm base. 
14. The method of claim 12 Wherein the step of generating 

the value based on the logarithmic approximation of the com 
binatorial function of n and d further comprises the step of 
generating a value Q'(d), Wherein 
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where 16) is a shift factor. 
15. The method of claim 12 wherein the step generating of 

the value F'(n, d) comprises the step of generating a value 
F'(n,d):R' (k), Where R' (k) is an approximation of the function 
ak, and Where a is a logarithm base. 

16. The method of claim 15 Wherein the step of generating 
a value F'(n,d):R'(k) further comprises the steps of: 

generating an integer component k,- and a fractional com 
ponent kf, based on a value k such that k:k,-+kf; 

generating a value K], Wherein Kfis based on a loW reso 
lution Talyor series expansion of 2kf. 

producing the value R'(k) based on Kf. 
17. The method of claim 16 Wherein the step of producing 

the value R'(k) based on Kf further comprises generating: 

18. An apparatus comprising: 
a vector generator receiving a vector comprising speech, 

audio, image, or video; 
a combinatorial function generator receiving a value n 

based on a number of positions in the vector, receiving a 
value d based on a number of occupied positions Within 
the vector, generating a value based on a logarithmic 
approximation of a combinatorial function of n and d, 
and generating a value F'(n, d) based on the logarithmic 
approximation of the combinatorial function of n and d, 
such that 
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F’(n, d) > and 

a coder/decoder using the value F'(n, d) to code or decode 
the vector to produce coded or decoded speech, audio, 
image, or video. 

19. The apparatus of claim 18 Wherein the combinatorial 
function generator generates the value based on Q'(d), 
Wherein Q'(d) is an approximation of the function 

d 

Q(d) = Z logao'). 
1:1 

Where a is a logarithm base. 
20. The apparatus of claim 18 Wherein the combinatorial 

function generator generates the value based on Q'(d), 
Wherein 

where 16) is a shift factor. 
21. The apparatus of claim 18 Wherein F'(n,d):R'(k), 

Where R' (k) is an approximation of the function ak, and Where 
a is a logarithm base. 


